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Abstract The reduction mechanism of the composite powders mixed with WO, and CuO has been studied by
using thermogravimetry (TG), X-ray diffraction, and microstructure analyses. The composite powders were made
by simple Turbula mixing, spray drying, and ball-milling in a stainless steel jar with the ball to powder ratio of 32
to 1 at 80 rpm for 1 h without process controlling agents. It is observed that all the oxide composite powders are
converted to W-coated Cu composite powder after reducing treatment under hydrogen atmosphere. For the for-
mation mechanism of W-coated Cu composite powder, the sequential reduction steps are proposed as follows:
CuO contained in the ball-milled composite powder is initially reduced to Cu at the temperature range from 200
°C to 300°C. Then, WO, powder is reduced to WO, via WO, , and WO, ., at higher temperature region. Finally, the
gaseous phase of WO,(OH), formed by reaction of WO, with water vapour migrates to previously reduced Cu and
deposits on it as W reduced by hydrogen. The proposed mechanism has been proved through the model exper-
iment which was performed by using Cu plate and WO, powder.
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Fig. 1. SEM micrographs of Cu and W oxide powders used
in this study : (a) CuO and (b) WO,.
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Fig. 2. Schematic diagram of model test to prove the chem-
ical vapor transport mechanism.

Fig. 3. Scanning electron micrograph of ball-milled W-Cu
oxide composite powders.
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Fig. 4. Thermogravimetry profile of ball-milled W-Cu
composite powder.

Table 1. Chemical reactions and accompanying weight
losses.
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Reaction (Loss). %
@® WO, + CuO = WO, + Cu 94.999(-5.001)
@ WO, + Cu— WO,, + Cu 94.947(-0.052)
® WO,, + Cu — WO,,, + Cu 93.571(-1.376)
@ WO, + Cu — WO, + Cu 89.815(-3.756)
® WO,+Cu—W+Cu 79.445(-10.37)
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Fig. 5. X-ray diffraction patterns of W-Cu oxide composite
powders with different reduction temperatures : (a)
RT(ball-milled state), (b) 300°C, (c) 500°C and (d) 650°C.
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Fig. 6. Scanning electron micrographs of W-Cu oxide com-
posite powders ball-milled for 60 min, and reduced at (a)
300°C, (b) 500°C and (c) 650°C.
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Fig. 7. High magnification scanning electron micrographs
of W-Cu oxide composite powders ball-milled for 60 min,
and reduced at (a) 300°C, (b) 500°C and (c) 650°C.
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Fig. 8. Scanning electron micrograph of W-Cu composite
powders reduced at 730°C from W-Cu oxide powders ball-
milled for 60 min.
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Fig. 9. Mophologies of W particles coated on Cu plate
located at a distance of (a) 0.5 cm and (b) 1.0 cm from the
surface of WO, powder.
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Fig. 11. Scanning electron micrograph of W-Cu composite
powders reduced at 860°C from simply-mixed W-Cu oxide
powders.
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Fig. 12. Scanning electron micrograph of W-Cu composite
powders reduced at 860°C from the mechno-chemically
processed powders.
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